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APPENDIX B 

GLOSSARY OF TERMS 

AND ABBREVIATIONS 

The explana t ion  of terms used i n  t h e  t ex t  is  prepared according t o  the  
gene ra l  usages developed during opera t ions  on t h e  INEL site. Where 
poss ib l e ,  t he  explana t ions  are developed a l s o  i n  accordance wi th  
e s t a b l i s h e d  s tandards .  

Acronyms, a word i d e n t i f i e d  by f i r s t  letters of a series of words, are 
a l s o  l i s t e d .  

A 

acre 

a c t i v a  t i on 

a c t i v i t y  

a lpha  r a d i a t i o n  

a lpha  waste 

a q u i f e r  

aseismic 

atomic number 

a l l u v i a l  fan 

a u n i t  of area measurement equa l  t o  
43,560 f t 2  

t h e  induct ion  of r a d i o a c t i v i t y  i n  material 
by i r r a d i a t i o n  wi th  neutron r ad ioac t ive  material, 
a r a d i a t i o n  gene ra t ing  machine, o r  a nuc lea r  
r e a c t o r  

a measure of t h e  rate a t  which a material 
i s  emi t t i ng  nuc lea r  r a d i a t i o n s ,  u sua l ly  
given i n  terms of t h e  number of nuc lea r  
d i s i n t e g r a t i o n s  occurr ing  i n  a given 
q u a n t i t y  of material over a u n i t  of t i m e ;  
t h e  s tandard  u n i t  of a c t i v i t y  i s  the cu r i e  ( C i )  

an emission of p a r t i c l e s  (helium nuc le i )  
from a material undergoing nuc lea r  
t ransformat ion;  t h e  p a r t i c l e s  have a nuc lea r  
mass number of f o u r  and charge of p l u s  two 

waste material which i s  contaminated by 
rad ionucl ides  which e m i t  a lpha  p a r t i c l e s ,  
p a r t i c u l a r l y  t r a n s  u ran ic  elements 

a subsurface formation conta in ing  s u f f i c i e n t  
s a t u r a t e d  permeable material t o  y i e l d  
s i g n i f i c a n t  q u a n t i t i e s  of water 

n o t  s u b j e c t  t o  ear thquakes 

t h e  number of protons i n  the  nucleus of 
each chemical element 

rock depos i t  l a i d  down by streams flowing 
from mountains i n t o  lowland regions 
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background r a d i a t i o n  

b e t a  r a d i a t i o n  

b i o  con cen t ra ti on 
(bioaccumulation) 

b i o l o g i c a l  oxygen demand 
(BOD) 

b iosphere 

b i o t a  

b i o t i c  

b low down 

body bur  den 

b u r i a l  ground 

t h e  level of r a d i o a c t i v i t y  i n  an area, 
which is produced by sources  o t h e r  than the  
one of s p e c i f i c  i n t e r e s t ;  i n  t h e  INEL reg ion ,  
t h e  background r a d i a t i o n  is  produced by 
n a t u r a l l y  occurr ing  r ad ioac t ive  materials 
i n  t h e  c r u s t  of t h e  e a r t h ,  cosmic r a d i a t i o n s ,  
and t h e  f a l l o u t  from n u c l e a r  weapons tests 

e s s e n t i a l l y  weight less  charged p a r t i c l e s  
( e l e c t r o n s  and pos i t rons )  emi t ted  from 
t h e  nucleus of atoms undergoing nuc lea r  
t r a n s  formation 

t h e  process  whereby an organic  system 
s e l e c t i v e l y  removes an element from i t s  
environment and accumulates t h a t  element 
i n  a h ighe r  concent ra t ion  

a measure of the  organic  p o l l u t i o n  of 
water, determined by t h e  e x t e n t  t o  which 
b a c t e r i a  and o the r  contained organisms 
i n  a water sample w i l l  use d isso lved  
oxygen i n  a given pe r iod  of t i m e ;  there-  
f o r e ,  a measure of t h e  r e s i d u a l  oxygen 
i n  t h e  water for use by o the r  organisms 
such as f i s h  

l i v i n g  beings toge ther  wi th  t h e i r  
env i  r onmen t 

t h e  p l a n t  and animal l i f e  of a region 

caused by l i v i n g  organisms 

cool ing tower e f f l u e n t  water wi th  a 
h ighe r  d isso lved  s o l i d s  content  than 
n a t u r a l  water 

the  amount of s p e c i f i e d  r ad ioac t ive  material 
o r  t h e  summation of t he  amounts of var ious  
r ad ioac t ive  materials p re sen t  i n  an animal 
o r  human body a t  t he  t i m e  of i n t e r e s t  

an area s p e c i f i c a l l y  designated for the  
subsur face  d i sposa l  of s o l i d  w a s t e  o r  excess  
mate rials 
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C 

cal c in  a t i o n  

cask 

chemi ca 1 oxygen deman d 
( COD) 

s o l i d i f i c a t i o n  m t h o d  f o r  d i sposa l  of 
l i q u i d  wastes involv ing  (a)  atomizing 
and coa t ing  of l i q u i d  on small granular  
s o l i d s  and (b) hea t ing  t o  dr ive  of f  moisture 

a con ta ine r  designed f o r  t he  t r anspor t ing  
of r ad ioac t ive  materials, t h e  design 
us ua l l y  inc ludes  spe c i  a1 s h i e  ld ing  , hand l i n g  , 
and s e a l i n g  f e a t u r e s  t o  provide p o s i t i v e  
containment of t he  materials and t o  minimize 
expos ur  e of pe rs on ne 1 

a measure of t he  e x t e n t  t o  which a l l  chemicals 
contained i n  a water sample use d isso lved  
oxygen i n  a given per iod  of t i m e ;  t he re fo re ,  
a measure of r e s i d u a l  d i sso lved  oxygen i n  
t h e  water a v a i l a b l e  f o r  use by organisms 
such as f i s h  

col i form ( c o m t ,  number) a measure of the  b a c t e r i a l  content  of 
water; a h igh  col i form count i n d i c a t e s  
p o t e n t i a l  contamination of a water supply 
by human waste 

concent ra t ion  guide 

contamination 
(contaminated ma te r i a l )  

con t ro l l ed  area 

counts pe r  minute 
( CPm) 

t h e  average concent ra t ion  of a radionucl ide 
i n  a i r  o r  water t o  which a worker o r  member 
of t he  gene ra l  populat ion may be  continuously 
exposed wi thout  exceeding appropr i a t e  r a d i a t i o n  
dose s t anda rds  (see maximum permiss ib le  concen- 
t ra ti on) 

t h e  depos i t ion ,  s o l v a t i o n ,  o r  i n f i l t r a t i o n  
of rad ionucl ides  on o r  i n t o  an o b j e c t ,  
material, o r  area whereupon t h e  area, 
material, o r  o b j e c t  i s  considered 
"contaminated" ; loose contamination is 
considered removable by convent ional  
decontamination methods; f i x e d  contamination 
is  n o t  removable by convent ional  decontamination 
me tho ds 

any s p e c i f i c  region of the  INEL i n t o  which 
e n t r y  by personnel  i s  regula ted  by phys ica l  
b a r r i e r  o r  procedure 

the  number of events  p e r  u n i t  time recorded 
by an ins t rument  designed t o  d e t e c t  
r ad ioac t ive  p a r t i c l e s ;  e s p e c i a l l y  used t o  
i n d i c a t e  t h e  r e l a t i v e  amount of r ad ioac t ive  
con t amin a t  ion  
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cr i t ica l  

c r i t i c a l i t y  s a f e t y  

cu r i e  ( C i )  

daughter products  

de a c t i v a t e d  

decay chain 

decay h e a t  

de con taminat ion  

de commissioning 

t h e  condi t ion i n  which a material is under- 
going nuc lea r  f i s s i o n  a t  a se l f - sus t a in ing  
rate; the  c r i t i ca l  mass of a material is  
t h a t  amount which w i l l  s e l f - s u s t a i n  nuc lear  
f i s s i o n  when p laced  i n  an optimum arrangement 
i n  i t s  p r e s e n t  form; the  minimum c r i t i ca l  
mass is the amount of a f i s s i l e  i so tope  
t h a t  w i l l  s e l f - s u s t a i n  nuc lea r  f i s s i o n  
when p laced  i n  optimum condi t ions  

those procedures  and understandings 
necessary  t o  the  handl ing  of f i s s i l e  
materials i n  a manner t h a t  w i l l  p revent  
them from reaching a c r i t i ca l  condi t ion 

a unit  of r a d i o a c t i v i t y  def ined  as the  
amount of a r ad ioac t ive  material t h a t  has  
an a c t i v i t y  of 3.7 x 1O1O d i s i n t e g r a t i o n s  
p e r  second (d /s )  ; m i l l i c u r i e  gmCi) = 
cur i e ;  microcurie  ( p c i )  = 10- c u r i e ;  
nanocurie ( n c i )  = 10-9 cur i e ;  p i cocur i e  
( p c i )  = 10-12 c u r i e ;  femtocurie  ( f c i )  
= 10-15 c u r i e  

D 

t he  nuc l ides  formed by t h e  r ad ioac t ive  
d i s i n t e g r a t i o n  of a f i r s t  nuc l ide  (parent )  

t h e  condi t ion  of a f a c i l i t y  or  d i sposa l  
s i t e  where s t e p s  have been taken t o  preclude 
f u r t h e r  opera t ion  o r  t h e  f u r t h e r  add i t ion  
of waste materials 

t h e  sequence of r a d i o a c t i v e  d i s i n t e g r a t i o n s  
i n  succession from one nuc l ide  t o  another  
u n t i l  a s t a b l e  daughter i s  reached 

t h e  thermal  energy produced i n  a material by i t s  
own r ad ioac t ive  d i s i n t e g r a t i o n s  

t h e  s e l e c t i v e  removal of r ad ioac t ive  material 
from a su r face  o r  from wi th in  another  
material 

t h e  process  of removing a f a c i l i t y  o r  area 
from opera t ion  and decontaminating and/or 
d i spos ing  of i t  o r  p l ac ing  i t  i n  a condi t ion 
of standby wi th  appropr i a t e  con t ro l s  and 
s a f e  g wr ds 
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d i s i n t e g r a t i o n s  p e r  minute 
( dpm) 

the  number of r ad ioac t ive  decay events  
occurr ing  pe r  unit time i n  a given amount 
of materia 1 

dispos a1 

dose 

dose commitment 

drum 

ecology 

t h e  planned release o r  placement of waste i n  
a manner t h a t  p rec ludes  recovery o r  i t s  
placement i n  a manner which is  considered 
permanent so t h a t  recovery i s  n o t  provided 

a gene ra l  t e r m  i n d i c a t i n g  the amount of 
energy absorbed from i n c i d e n t  r a d i a t i o n  
by a s p e c i f i e d  m a s s  

t he  i n t e g r a t e d  dose which r e s u l t s  from 
an i n t a k e  of r ad ioac t ive  material when t h e  
dose is  eva lua ted  from the  beginning of 
i n t a k e  t o  a l a t e r  t i m e  (u sua l ly  50 years )  ; 
a l s o  used f o r  t he  long-term i n t e g r a t e d  dose 
t o  which people are considered committed 
because r ad ioac t ive  material has  been 
r e l eased  t o  the  environment 

a metal o r  composition c y l i n d r i c a l  conta iner  
used f o r  t h e  t r a n s p o r t a t i o n ,  s to rage ,  and 
d i sposa l  of waste materials 

E 

t h a t  branch of b i o l o g i c a l  s c i ence  which dea ls  
wi th  t h e  r e l a t i o n s h i p s  be tween organisms 
and t h e i r  environment 

ecosystem an assemblage of b i o t a  (community) and h a b i t a t  

environmental  s u r v e i l l a n c e  a program t o  monitor t he  impact on t h e  
surrounding region of t he  discharges from 
i n d u s t r i a l  opera t ions  

e vap o t r an sp  i ra t ion  

e xcur s ion  

expos ure 

e x t rac ti on 

t h e  combined loss  of water from s o i l  by 
evaporat ion from the s o i l  and from the 
su r faces  of p l a n t  s t r u c t u r e s  

a sudden r a p i d  i n c r e a s e  of power produced 
when a r e a c t o r  o r  o t h e r  system of f i s s i l e  
material undergoes a sudden inc rease  i n  
re a c t i v i t y  

t h e  condi t ion of be ing  made s u b j e c t  t o  t h e  
ac t ion  of r a d i a t i o n  

a chemical process  f o r  s e l e c t i v e l y  removing 
materials from s o l u t i o n s  
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F 

f a l l o u t  

f a s t  f l u x  
( f a s t  neutron)  

f i s s i l e  

f i s s i onab l e  

f i s s i o n  (nuc lear )  

f i s s i o n  products  

f oodchain 

f oodweb 

f u e l  (nuc lear ,  r eac to r )  

f u e l  s epa ra t ion  
( f u e l  reprocessing)  

gamma rad ia t ion  

gamma scan 

those  r ad ioac t ive  materials depos i ted  on 
t h e  e a r t h ' s  su r f ace  and i n  t h e  atmosphere 
fol lowing t h e  detonat ion of n u c l e a r  weapons 

a stream of neut rons  having ene rg ie s  
( v e l o c i t i e s )  n e a r  t h a t  imparted t o  them by 
a f i s s i o n  even t ;  when app l i ed  t o  nuc lea r  
r e a c t o r s ,  r e f e r s  t o  those using high v e l o c i t y  
neut rons  t o  cause success ive  f i s s i o n  events  

material  capable of undergoing f i s s i o n  by 
any process  

material capable of undergoing f i s s i o n  by 
slow neut rons  

the d iv i s ion  of a nucleus i n t o  two nuc l ides  
of lower mass, usua l ly  accompanied by t h e  
expuls ion of gamma rays  and neut rons  

the  nuc l ides  formed by t h e  d iv i s ion  of a 
heav ie r  nuc leus ;  most u sua l ly  i n  a nuc lea r  
r e a c t o r  

a l i n e a r  sequence of success ive  u t i l i z a t i o n s  
of n u t r i e n t  energy by a series of spec ie s  

the  concept of n u t r i e n t  energy t r a n s f e r  
( i nc lud ing  decomposition) between spec ie s  
i n  an ecosystem 

f i s s i o n a b l e  material used as t h e  source of 
power when placed i n  a c r i t i ca l  arrangement 
i n  a n u c l e a r  r e a c t o r  

process ing  of i r r a d i a t e d  ( spent )  nuc lea r  
r e a c t o r  f u e l  t o  recover  u s e f u l  materials as 
sepa ra t e  products ,  u sua l ly  sepa ra t ion  i n t o  
plutonium, uranium, and f i s s i o n  products  

G 

e lec t romagnet ic  energy emi t ted  i n  t h e  process  
of a nuc lea r  t r a n s i t i o n  

process  of measuring t h e  energy spectrum of 
the  gamma rays  emi t t ed  by a material  i n  
o rde r  t o  determine i t s  cons t i t uen t  nuc l ides  
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g a s t r o i n t e s t i n a l  dose 
(GI) 

G e i  ge rMulle r Tube 

groundwater 

h a b i t a t  

h a l f - l i f e  

t h e  dose t o  the  stomach and lower t r a c t  
of humans and animals v i a  e x t e r n a l  
exposure o r  v i a  i n t e r n a l  t r a n s p o r t  of 
r ad ioac t ive  mate r i a l  

a g a s - f i l l e d  tube used t o  d e t e c t  r a d i a t i o n  
even t s  by the  i o n i z a t i o n  pu l se  produced i n  
the  gas;  used on a GM counter  

water which e x i s t s  o r  flows below the  
su r face  (wi th in  the  zone of s a t u r a t i o n )  

H 

t h e  a b i o t i c  c h a r a c t e r i s t i c s  of t h e  p l ace  
b i o t a  l i v e  

t h e  t i m e  requi red  f o r  the a c t i v i t y  of a 
rad ionucl ide  t o  decay t o  h a l f  i t s  value; 
used as a measure of t he  p e r s i s t e n c e  of 
radioactive materials, each rad ionucl ide  
has  a c h a r a c t e r i s t i c  constant  h a l f - l i f e  

h igh  e f f i c i e n c y  p a r t i c u l a t e  an a i r  f i l t e r  capable of removing a t  
air f i l t e r  (HEPA) least 99.97% of the  p a r t i c u l a t e  material i n  

an a i r  stream 

high-heat waste l i q u i d  r ad ioac t ive  waste which generates  
s u f f i c i e n t  f i s s i o n  product  decay h e a t  
t o  cause s e l f - b o i l i n g  and se l f -concent ra t ion  

high-level  l i q u i d  waste the  aqueous wastes r e s u l t i n g  from the opera t ion  
of the  f i r s t - c y c l e  e x t r a c t i o n  system, o r  
equ iva len t  concentrated wastes from sub- 
sequent  e x t r a c t i o n  cyc les ;  o r  equiva len t  
wastes from a process  n o t  us ing  so lven t  e x t r a c t i o n ,  
i n  a f a c i l i t y  f o r  processing i r r a d i a t e d  r e a c t o r  
f ue 1s 

hood a canopy and exhaust  duct used t o  confine 
hazardous materials i n  o rde r  t o  reduce the  
exposure of i n d u s t r i a l  workers 

hypo the t i ca l  maximum 
i n d i v i d u a l  (max man) 

a p o s t u l a t e d  person who i s  assumed t o  
rece ive  the  maximum c red ib le  r a d i o l o g i c a l  
dose through each of t h e  exposure pathways 
from t h e  source being considered 
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I 

i n a c t i v e  

inve r s ion  

ion  exchange 

i r r a d i a t i o n  

i s o p l e t h  

i so tope  

leaching  pond 

l i t h o l o g i c  

long-lived i so tope  

the  condi t ion  of a f a c i l i t y  o r  d i sposa l  
s i te  which is n o t  p re sen t ly  be ing  opera ted  
or t o  which materials are n o t  being added 

a condi t ion  where temperature inc reases  
wi th  he igh t  i n  the  atmosphere 

process  f o r  s e l e c t i v e l y  removing a cons t i t uen t  
from a waste stream by r e v e r s i b l y  t rans-  
f e r r i n g  i o n s  between an i n s o l u b l e  s o l i d  
and t h e  w a s t e  stream; t h e  exchange medium 
(usua l ly  a column of r e s i n  o r  s o i l )  can 
then  be washed t o  c o l l e c t  t h e  w a s t e  o r  
taken d i r e c t l y  t o  d i sposa l ;  f o r  example, 
a h o t  water s o f t e n e r  

exposure t o  r a d i a t i o n  by be ing  p laced  n e a r  
a r ad ioac t ive  source;  u sua l ly  i n  t h e  case of 
f u e l  materials , being p laced  i n  an ope ra t ing  
nuc lea r  r e a c t o r  

a l i n e  connecting a l l  p o i n t s  of equa l  air  
con cent  r a t i o n  i n  p l o t t i n g  t h a t  a i r  concent ra t ion  
a t  ground level as a func t ion  of d i r e c t i o n  and 
d is tance  from a po in t  of release 

nuc l ides  wi th  t h e  same atomic number, ( i , e . ,  the  
same chemical element) b u t  wi th  d i f f e r e n t  
atomic masses ; although chemical p r o p e r t i e s  
are the  same, r ad ioac t ive  and nuc lea r  p r o p e r t i e s  
may be q u i t e  d i f f e r e n t  f o r  each i so tope  of 
an element 

L 

an excavat ion used f o r  the  d i s p o s a l  of 
l i q u i d s  s o  t h a t  t h e  s o i l  w i l l  remove 
contaminants while  a l lowing water and o t h e r  
s o l v e n t s  t o  pass  through 

p e r t a i n i n g  t o  the  c h a r a c t e r i s t i c s  and s tudy 
of rocks 

a r ad ioac t ive  nucli.de which decays a t  
such a slow rate t h a t  a quan t i ty  of i t  
w i l l  e x i s t  f o r  an extended per iod;  usua l ly  
rad ionucl ides  whose h a l f - l i f e  is g r e a t e r  
than 3 yea r s  
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low-level l i q u i d  waste 

man-rem 

maximum permiss ib le  
concent ra t ion  ( M P  C) 

neutron 

neutron a c t i v a t i o n  

n i t rogen  oxides (NO,) 

nuc lear  f i s s i o n  

nuc lea r  r a d i a t i o n  

nuc lear  r e a c t o r  

nuc l ide  

nucleus 

pene t r a t ing  r a d i a t i o n  

l i q u i d  wastes t h a t  can be discharged t o  
the  environment wi th  assurance t h a t  persons 
w i l l  n o t  be exposed t o  concent ra t ions  i n  
excess  of those  p re sc r ibed  i n  ERDAM-0524 

M 

used as a u n i t  of populat ion dose; 
t h e  average dose p e r  i n d i v i d u a l  expressed 
i n  rems t i m e s  t h e  popula t ion  a f f e c t e d  

t h e  average concent ra t ion  of a radio- 
nuc l ide  i n  a i r  o r  water t o  which a worker o r  
member of the  gene ra l  populat ion may be 
continuously exposed wi thout  exceeding an 
e s t a b l i s h e d  s tandard  of r a d i a t i o n  dose l i m i t a t i o n  

N 

a p a r t i c l e  e x i s t i n g  i n  o r  emi t t ed  from the  
atomic nucleus;  i t  i s  e l e c t r i c a l l y  
n e u t r a l  and has a mass approximately equal  
t o  t h a t  of a s t a b l e  hydrogen atom 

t h e  process  of i r r a d i a t i n g  a material  with 
neut rons  s o  t h a t  t h e  material i t s e l f  is 
transformed i n t o  a r ad ioac t ive  nuc l ide  

a mixture of nitrogen-oxygen conta in ing  
compounds formed as gaseous w a s t e  e f f l u e n t s  
during the  combustion of most f o s s i l  f u e l s  

see f i s s i o n  

p a r t i c l e s  and e lec t romagnet ic  energy given 
o f f  by t ransformat ions  occurr ing  i n  the  
nucleus of an atom 

a device cons t ruc ted  of f i s s i o n a b l e  material 
such t h a t  a chain of f i s s i o n  events  can be 
maintained and con t ro l l ed  t o  meet a p a r t i c u l a r  
purpose 

a spec ie s  of atom having a s p e c i f i c  mass, 
atomic number, and nuc lea r  energy s ta te  

t h e  p o s i t i v e l y  charged cen te r  of an atom 

P 

forms of r a d i a n t  energy which are capable 
of pass ing  through s i g n i f i c a n t  th icknesses  
of s o l i d  material; these  usua l ly  inc lude  
gamma rays,  X rays  and neut rons  
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permiss ib le  dose 

PH 

phytoplankton 

t h a t  dose of i o n i z i n g  r a d i a t i o n  which, 
i n  t h e  l i g h t  of p r e s e n t  knowledge, carries 
n e g l i g i b l e  p r o b a b i l i t y  of causing seve re  
somat ic  i n j u r y  o r  g e n e t i c  e f f e c t  

a measure of t h e  relative a c i d i t y  o r  
a l k a l i n i t y  of s o l u t i o n ;  a n e u t r a l  s o l u t i o n  
has a pH of 7,  a c i d s  have pH's of 7 t o  1, 
bases  have pH's of 7 t o  1 4  

microscopic p l a n t s  t h a t  l i v e  d r i f t i n g  i n  
a body of water 

population dose t h e  summation of i n d i v i d u a l  r a d i a t i o n  doses 
(pop u l a  t ion  expos ure ) rece ived  by a l l  those exposed t o  t h e  source 

o r  event be ing  considered 

R 

r ad  

r a d i a t i o n  ( ion iz ing )  

r a d i a t i o n  survey 

r ad ioac t ive  (decay) 

ra d i  o i  odine s 

rad ionucl ide  

r ad io  t o x i  ci.ty 

radwas te 

rap t o r  

r e a c t i v i t y  

a s p e c i a l  u n i t  of measure f o r  t he  absorbed 
dose of r a d i a t i o n ;  one r ad  equa l s  100 e r g s  

. absorbed p e r  gram of material 

p a r t i c l e s  and e lec t romagnet ic  energy emi t t ed  
by nuc lea r  t ransformat ions  which are 
capable of producing i o n s  when i n t e r a c t i n g  
wi th  matter; gamma rays and a lpha  and b e t a  
p a r t i c l e s  are primary examples i n  INEL w a s t e  

eva lua t ion  of an area o r  o b j e c t  wi th  i n s t r u -  
ments i n  o r d e r  t o  d e t e c t ,  i d e n t i f y ,  and quan t i fy  
r ad ioac t ive  materials and r a d i a t i o n  f i e l d s  
p re sen t  

proper ty  of undergoing spontaneous 
n u c l e a r  transformation i n  which nuc lea r  p a r t i c l e s  
o r  e lec t romagnet ic  energy are emi t t ed  

i so topes  of i od ine  which are r ad ioac t ive  

a nuc l ide  which i s  r ad ioac t ive  

t h e  proper ty  of a material  of being a b l e  t o  
adverse ly  a f f e c t  b i o l o g i c a l  organisms 
through the  mechanism of nuc lea r  r a d i a t i o n  

w a s t e  materials which are r ad ioac t ive  

b i r d  of prey 

a measure of t h e  c a p a b i l i t y  of a system t o  maintain 
c r i t i c a l i t y ;  systems wi th  h igh  r e a c t i v i t y  
are capable of undergoing r ap id  excurs ions  
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r e a c t o r  

r e g o l i t h  

release l i m i t  
(release guide) 

rem 

reprocess ing  

re ten t i o n  bas i n  

r e t i r e d  f a c i l i t y  

roentgen 

rupture  

s a n i t a r y  l a n d f i l l  

of i nc reas ing  power; systems wi th  low 
r e a c t i v i t y  w i l l  undergo slower excursions;  
systems wi th  nega t ive  r e a c t i v i t y  w i l l  n o t  become 
c r i t i ca l  

a nuc lea r  r e a c t o r  

rock " w a s t e "  o r  su r f ace  mantle of 
unconsol idated rock debr i s  

a c o n t r o l  number which r egu la t e s  t h e  
concentrat ion o r  amount of r ad ioac t ive  
material r e l eased  t o  t h e  environment i n  an 
i n d u s t r i a l  s i t u a t i o n ;  usua l ly  dose t o  persons 
i n  the  environment der ived from environmental  
behavior  of t h e  r e l e a s e d  material s o  t h a t  
t he  dose is  kept  below a s e l e c t e d  con t ro l  
value 

a u n i t  of measure f o r  t he  dose of i o n i z i n g  
r a d i a t i o n  which g ives  the  same b i o l o g i c a l  
e f f e c t  as one roentgen of X rays ;  one 
r e m  approximately equals  one r ad  f o r  X, 
gamma, o r  b e t a  r a d i a t i o n  

chemical processing of i r r a d i a t e d  nuc lea r  
r e a c t o r  f u e l s  t o  remove des i r ed  cons t i t uen t s  

an excavated and l i n e d  area used t o  hold 
contaminated f l u i d s  u n t i l  r ad ioac t ive  
decay reduces a c t i v i t i e s  t o  l e v e l s  permiss ib le  
f o r  release 

a f a c i l i t y  which has  been s h u t  down wi th  no 
i n t e n t i o n s  of r e s t a r t i n g  and which has had 
appropr ia te  c o n t r o l s  and safeguards  placed on 
i t  

a u n i t  of measure of i o n i z i n g  e lec t romagnet ic  
r a d i a t i o n  ( X  and gamma) ; one roentgen 
corresponds t o  t h e  release by i o n i z a t i o n  
of 83.8 e r g s  of energy p e r  gram of a i r  

a breach of t h e  metal c ladding of a 
product ion r e a c t o r  f u e l  element thereby 
re l eas ing  r ad ioac t ive  materials t o  r e a c t o r  
cool ing  streams 

a b u r i a l  opera t ion  f o r  t h e  purpose of 
d i spos ing  of s a n i t a r y  wastes 
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s a n i t a r y  sewage 

s c i n t i l l a t i o n  (counter)  

seepage pond 

se i smic i ty  

s h i e l d i n g  

shor t -  l i v e d  i so tope  

smear 

human w a s t e s  and o the r  nonradioac t ive  material 
f o r  d i s p o s a l  t o  preserve  p u b l i c  h e a l t h  

l i g h t  f l a s h e s  produced i n  c r y s t a l l i n e  material 
by i o n i z i n g  r a d i a t i o n ;  measurement of the  
level of a c t i v i t y  of t he  source 

an a r t i f i c i a l  body of s u r f a c e  water formed by 
d ischarge  from INEL process  opera t ions  

t h e  tendency f o r  t he  occurrence of ear thquakes!  

bulkheads,  w a l l s ,  o r  o t h e r  cons t ruc t ions  used 
t o  absorb r a d i a t i o n  i n  o rde r  t o  p r o t e c t  
personnel  o r  equipment 

a r ad ioac t ive  .nuclide which decays s o  
r ap id ly  t h a t  a given q u a n t i t y  is  transformed 
i n t o  i t s  daughter products  w i th in  a s h o r t  
per iod  (usua l ly  those wi th  a h a l f - l i f e  of 
days o r  less) 

a means of measuring loose s u r f a c e  contamination 
on an o b j e c t  by wiping i t  wi th  paper ,  gauze, 
e tc . ,  and then measuring t h e  d i s i n t e g r a t i o n s  
p e r  minute on t h e  wipe wi th  an instrument  

s o l i d  wastes ( r ad ioac t ive )  e i t h e r  s o l i d  r ad ioac t ive  material o r  s o l i d  
o b j e c t s  which contain r ad ioac t ive  material 
o r  bear  r ad ioac t ive  s u r f a c e  contamination 

s o r p t i v e  capaci ty  

s t a b i l i t y  (atmospheric) 

s to rage  

s u l f u r  oxides (SO,/so,) 

t h e  measure of a material's a b i l i t y  t o  sorb  
s p e c i f i c  cons t i t uen t s  from l i q u i d  as i t  
passes  through the  material 

a desc r ip t ion  of t h e  atmospheric fo rces  
on a p a r c e l  of a i r  fol lowing v e r t i c a l  
displacement i n  an atmosphere otherwise i n  
h y d r o s t a t i c  equi l ibr ium;  i f  t h e  fo rces  
t end  t o  r e t u r n  t h e  p a r c e l  t o  i t s  o r i g i n a l  l e v e l ,  
t h e  atmosphere is  s t a b l e ;  i f  the  fo rces  tend  
t o  move the  p a r c e l  f u r t h e r  i n  the  d i r e c t i o n  of 
displacement,  t he  atmosphere is  uns tab le ;  i f  t he  
a i r  p a r c e l  tends t o  remain a t  i ts  new level, 
t h e  atmosphere has  n e u t r a l  s t a b i l i t y  

re t en t ion  of r ad ioac t ive  w a s t e  i n  some 
type of man-made device,  such as a tank o r  
v a u l t ,  i n  a manner pe rmi t t i ng  r e t r i e v a l  

compounds formed as waste e f f l u e n t s  during 
t h e  burning of some f o s s i l  f u e l s  
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T 

t ank  

tank farm 

t e c t o n i  c 

tracer 

t ransmutat ion 

t r a n s  uran i um 

t r ansmiss iv i ty  

vadose zone 

water t a b  le 

wind rose 

a l a rge  metal conta iner  l oca t ed  underground 
f o r  s t o r a g e  of l i q u i d  wastes 

an i n s t a l l a t i o n  of in te rconnec ted  under- 
ground conta iners  ( tanks)  f o r  s to rage  of 
h igh- leve l  waste 

p e r t a i n i n g  t o ,  o r  des igna t ing  t h e  rock 
s t r u c t u r e s  r e s u l t i n g  from deformation 
of t h e  e a r t h ' s  crust 

a rad ionucl ide(s )  o r  chemical introduced 
i n  minute q u a n t i t i e s  t o  a system o r  process  
f o r  t he  purpose of using r a d i a t i o n  o r  
chemical de t ec t ion  techniques t o  fol low the  
behavior  of t h e  process  o r  system 

t h e  process  whereby one nuc l ide  changes ( o r  is 
changed) i n t o  another ;  u sua l ly  by t h e  add i t ion  
of n u c l e a r  p a r t i c l e s  

nuc l ides  having an atomic number g r e a t e r  than 
t h a t  of uranium (i .e. ,  g r e a t e r  than 92) 

a c o e f f i c i e n t  r e l a t i n g  the volumetr ic  flow 
through a u n i t  width of groundwater t o  the  
d r i v i n g  fo rce  (hydrau l i c  p o t e n t i a l )  ; a func t ion  
of both t h e  porous medium, f l u i d  p r o p e r t i e s ,  
and s a t u r a t e d  th ickness  of t h e  a q u i f e r  

t h e  unsa tura ted  region of s o i l  between t h e  
ground su r face  and t h e  water t a b l e  

W 

upper boundary of an unconfined aqu i f e r  
s u r f a c e  below which s a t u r a t e d  groundwater 
occurs;  def ined by t h e  levels a t  which water 
s t ands  i n  w e l l s  t h a t  ba re ly  p e n e t r a t e  the  a q u i f e r  

a diagram designed t o  show the  d i s t r i b u t i o n  
of p r e v a i l i n g  wind d i r e c t i o n s  a t  a given 
l o c a t i o n ;  some v a r i a t i o n s  inc lude  wind speed 
groupings by d i r e c t i o n  
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ACC 

AEC 

ANC 

AN L-w 

ANPP 

A1W 

APS 

AFU 

ARMF 

ATR 

ATRC 

BORAX 

cc 

cm 

CE RT 

CFA 

CFR 

C i  

EBOR 

EBR-I and -11 

E CF 

EPA 

ERW 

E TR 

E FS 

E OCR 

L i s t  of Abbreviations 

A l l i e d  Chemical Corporation 

Atomic Energy Commission 

Aeroje t  Nuclear Company 

Argon ne Nation a1 Lab o r a t  o r y  -Wes t 

A i r c r a f t  Nuclear Propulsion Program 

Proto type  Nuclear Surface  Ship Propulsion System 

Atmospheric P r o t e c t i o n  Sys t e m  

Auxi l ia ry  Reactor Area 

Advan ce d Rea c t i v i  t y  M e  as uremen t Faci lit y 

Advanced T e s t  Reactor 

Advanced T e s t  Reactor C r i t i c a l  F a c i l i t y  

Bo i l ing  Water Reactor Experiment 

Cub i c Centime t re 

Cent i m e t  re 

Cont ro l led  Experimental Radioiodine T e s t  

Cen t r a l  F a c i l i t i e s  Area 

Code of Federa l  Regulations 

Curie 

Experimental  Beryllium Oxide Reactor 

Experimental  Breeder Reactors I and I1 

Expended Core F a c i l i t y  

Environmental P r o t e c t i o n  Agency 

Energy Research and Development Administration 

Engineering T e s t  Reactor 

Experimental  F i e l d  S t a t i o n  

Experimental Organic Cooled Reactor 
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ETRC 

FAA 

g 

GCRE 

HEPA 

HFEF 

HS L 

I E  T 

I CPP 

LMFBR 

LOCA 

U T  

LOFT 

lJ c i  
m C i  

m r  ad 

mREM 

mR/hr 

NOAA 

NRF 

NRTS 

OMRE 

PB F 

PEW 

RaLa 

RWMC 

S5G 

Engineering T e s t  Reactor Cr i t i ca l  F a c i l i t y  

Fede ra l  Aviation Agency 

gram (seismology, g .  = grav i ty )  

G a s  Cooled Reactor Experiment 

High Ef f i c i ency  P a r t i c u l a t e  A i r  

Hot Fuel  Examination F a c i l i t y  

Heal th  Se rv ices  Laboratory 

I n i t i a l  Engine T e s t  

Idaho Chemical Process ing  P l a n t  

Liquid Metal Fast  Breeder Reactor 

Loss-o f - Coolan t A c c i  den t 

Low Power T e s t  

Los s-o f - F l u i  d Test 

Microcurie 

M i l l i c u r i e  

M i l l i r a d  

M i l l i r e m  

Milli-Roentgen p e r  hour 

Na t iona l  Oceanic and Atomospheric Administration 

Naval Reactor F a c i l i t i e s  

Nat iona l  Reactor Tes t ing  S t a t i o n  

Organic Moderated Reactor Experiment 

Power Burs t  F a c i l i t y  

Process  Equipment Waste 

Radioact ive Lanthanum 

Radioact ive Waste M a n  agemen t Comp lex 

Prototype Nuclear  Submarine Propuls ion System 

B-17 



SDA 

s 1w 

SL-1 

SNAP 

SPE RT 

TAN 

TDA 

TSA 

TRA 

TREAT 

TSF 

WEC 

WCF 

WMIS 

ZPPR 

Subsurface Disposal  Area 

Pro to type  Nuclear Submarine Propuls ion System 

S t a t i o n a r y  Low Power T e s t  Reactor 

Systems f o r  Nuclear Auxi l ia ry  Power 

S p e c i a l  Power Excursion Reactor T e s t  

T e s t  Area North 

Transuranic  Disposal  Area 

Transuranic  Storage Area 

T e s t  Reactor Area 

Trans i en t  Reactor T e s t  F a c i l i t y  

Technical  Support  Fac i  li ty  

Westinghouse Electr ic  Corporation 

Waste Calciner  F a c i l i t y  

Waste Management Information System 

Zero Power Plutonium Reactor 
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I n  add i t ion  

APPENDIX C 

LISTING AND DISPOSITION OF PAST 

INEL REIEASES 

3 t he  major programmatic and acc iden t  1 re3 ases dis- 
cussed i n  s e c t i o n  I I . C ,  several o t h e r  events  of lesser importance have 
occurred a t  INEL. Br ie f  d i scuss ions  of those which w e r e  of s i g n i f i c a n t  
environmental concern are presented  chronologica l ly  i n  t h i s  appendix. 

Many of the  releases w e r e  r e l a t e d  t o  programs no longer  being con- 
ducted and/or p r e s e n t l y  decomiss ioned  f a c i l i t i e s .  
i n  upgrading of equipment, procedures,  t r a i n i n g ,  e tc . ,  t o  minimize the  
p o s s i b i l i t y  of similar occurrences.  Where the  d a t a  w e r e  a v a i l a b l e ,  
q u a n t i t a t i v e  release va lues  are given. I n  a l l  t he  cases l i s t e d ,  no 
real  o r  p o t e n t i a l  long-term commitment of resources  o r  s i g n i f i c a n t  cumulative 
environmental impact e x i s t s .  

Others have r e s u l t e d  

BORAX-I Des t ruc t ion  

A f t e r  a series of t r a n s i e n t  tests, t h e  BORAX-I r e a c t o r  w a s  in- 
t e n t i o n a l l y  sub jec t ed  t o  a r ap id  power excurs ion  i n  J u l y  1954. The 
excursion produced 135 MW of energy and  r e s u l t e d  i n  mel t ing  most of 
t h e  f u e l  p l a t e s  and gross  damage t o  t h e  r eac to r .  A desc r ip t ion  of ' 

t h e  r e a c t o r  is given i n  Sec t ion  I1 .A.12 .  

Monitoring teams t h a t  w e r e  d i spa tched  s h o r t l y  a f t e r  t h e  excursion 
determined the  t r a j e c t o r y  of t h e  r e l eased  e f f l u e n t  t o  have been roughly 
i n  a southwesterly d i r e c t i o n  toward t h e  INEL Radioactive Waste Manage- 
ment Complex. Surveys of t he  t o t a l  f i s s i o n  product r a d i o a c t i v i t y  
of a l l  the  debr i s  i n d i c a t e d  t h a t  p r a c t i c a l l y  a l l  of the f u e l  o r i g i n a l l y  
i n  the r e a c t o r  could be accounted f o r  w i th in  a radius of 350 ft around 
the  o r i g i n a l  r e a c t o r  l oca t ion ,  wi th  t h e  major i ty  i n  an area 350 x 200 f t  
j u s t  south  of t he  r eac to r .  
covered wi th  a 6-in. l a y e r  of g r a v e l  t o  reduce the  dose rates t o  acceptab le  
l e v e l s .  During t h e  p a s t  20 yea r s ,  t h e  r a d i a t i o n  l e v e l s  i n  the  area 
have decayed t o  n e a r  background l e v e l s .  

Approximately 5,000 f t 2  of ground w a s  

2. ICPP Well Discharge 

I n  Ju ly  1954 during a rou t ine  t r a n s f e r  t o  the  d ischarge  w e l l ,  
permiss ib le  l e v e l s  were exceeded, and 5 1  p C i  of long-lived f i s s i o n  product 
a c t i v i t y  were r e l e a s e d  i n  244,000 ga l lons  of l i q u i d .  

13 EBR-I Fue l  Meltdown - 
I n  November 1955 the  EBR-I experienced an excursion which 

r e s u l t e d  i n  melting of some of t h e  f u e l  elements.  
w a s  s l i g h t l y  contaminated from re l eased  f i s s i o n  product  gases ,  b u t  t he re  
w e r e  no s i g n i f i c a n t  personnel  exposures o r  environmental releases, 

The r e a c t o r  b u i l d i n g  
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4. Release t o  I 6 P  Discharge W e l l  - 
I n  August 1956 approximately 1 C i  of long-lived f i s s i o n  product  

a c t i v i t y  w a s  r e l eased  t o  the  ICPP discharge w e l l .  

5. RaLa Release 

I n  February 1958 a c t i v i t y  from a RaLa process  run w a s  a c c i d e n t a l l y  
r e l eased  i n t o  the  bu i ld ing  f o r  approximately 5 min wi th  minor exposures 
t o  personnel.  An es t imated  1 V C i  of f i s s i o n  product  a c t i v i t y ,  inc luding  
iodine-131, w a s  r e l eased  t o  the  environment. 

,- 9 BORAX-IV Fuel  Defect T e s t  

I n  March 1958 t h e  BORAX-IV r e a c t o r  w a s  i n t e n t i o n a l l y  opera ted  a t  
a power of 2.4 W with  a l a rge  number of de fec t ive  f u e l  elements. 
t h e  tests, r ad ioac t ive  f i s s i o n  products  leaked from the  f u e l  causing 
high r a d i a t i o n  and bu i ld ing  contamination. Environmental releases were 
pr imar i ly  l imi t ed  t o  cleanup opera t ions .  

During 

7. Iodine  Release a t  ICPP 

I n  March 1958 approximately 1 C i  of iodine-131 w a s  r e l eased  t o  
atmosphere during a rou t ine  w a s t e  t r a n s f e r  opera t ion  a t  ICPP. 

8. Blower F a i l u r e  a t  1 6 P  

I n  August 1958 an atmospheric release of approximately 10 V C i  
of long-lived f i s s i o n  product  a c t i v i t y  occurred a t  t h e  ICPP owing t o  a 
blower f a i l u r e .  

9. Solvent Burner Release 

I n  September 1958 approximately 0.25 C i  of long-lived p a r t i c u l a t e  
a c t i v i t y  w a s  r e l eased  from the  ICPP so lven t  burner  via the  main s t ack .  

10. Fuel  Element Cut t ing F a c i l i t y  Release 

I n  October 1958 a f i l t e r  f a i l u r e  r e s u l t e d  i n  a 1,200-Ci pa r t i cu -  
l a t e  release t o  atmpshere consis t ing-pfintar i ly  of long-l ived f i s s i o n  
products ,  from t h e  f u e l  element c u t t i n g  f a c i l i t y  a t  ICPP which contaminated 
the  land immediately ad jacent  t o  t h e  f a c i l i t y .  

11. Liquid S p i l l  a t  ICPP 

A n  a c c i d e n t a l  l i q u i d  s p i l l  i n  t h e  f u e l  process  bu i ld ing  a t  ICPP 
requi red  ex tens ive  decontamination ac t iv i t ies  from November 1958 through 
A p r i l  1959. As a r e s u l t ,  a considerable  quan t i ty  of l i q u i d  waste and 
decontamination s o l u t i o n s  w a s  processed i n  t h e  p l a n t  w a s t e  system and 
approximately 100 C i  of long-lived f i s s i o n  product  a c t i v i t y  were packaged 
and s e n t  t o  the  INEL Radioact ive Waste Management Complex. 
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12. Co l l ec t ion  Tank Release 

I n  December 1958 approximately 1 C i  of r ad ioac t ive  noble  gases  
and iod ine  waa r e l eased  t o  t h e  atmosphere from a l i q u i d  waste tank a t  
ICPP owing t o  an leaking  f lange.  

13. Liquid Release a t  ICPP 

I n  December 1958 approximately 29 c u r i e s  of a c t i v i t y  ( 7  c u r i e s  of 
strontium-90) w a s  .accidental ly  r e l e a s e d  t o  t h e  ICPP d i s p o s a l  w e l l  from an 
unknown o r i g i n  i n  the  p l a n t  s y s  t e m .  

1 4 .  ICPP C r i t i c a l i t y  

I n  October 1959 a c r i t i c a l i t y  acc ident  occurred i n  a 5,000-gallon 
tank when an a i r - sparg ing  opera t ion  i d i t i a t e d  an unant ic ipa ted  s iphoning 
of a uranium s o l u t i o n  from a geometr ica l ly  s a f e  vessel i n t o  a geometr ical ly  
unsafe 5,000-gallon tank conta in ing  some water. Roughly 350,000 c u r i e s  
of p r imar i ly  sho r t - l i ved  gaseous f i s s i o n  products  were r e l eased  t o  the  
atmosphere via the  p l a n t  s t a c k  (see Sec t ion  1 1 , C . l l . c ) .  

15. ICPP C r i t i c a l i t y  

I n  January 1961 a c r i t i c a l i t y  occurred i n  the  ICPP f i r s t - c y c l e  
product  evaporator .  A t o t a l  of 5,200 C i  of p r imar i ly  sho r t - l i ved  f i s s i o n  
products  were r e l eased  t o  the  environment. 

16. Contamination of Tank Vault  

I n  March 1962 a t  ICPP, h igh- leve l  l i q u i d  waste siphoned from an 
underground waste tank i n t o  i t s  secondary containment v a u l t .  No a c t i v i t y  
w a s  r e l eased  t o  t h e  environment. 

17. Tank Farm Inc iden t  

I n  May 1964 approximately 5 C i  of long l i v e d  f i s s i o n  product  
r a d i o a c t i v i t y  were r e l eased  when high-level  l i q u i d  waste w a s  acc iden ta l ly  
discharged a t  ICPP during cons t ruc t ion  t i e - i n  of new tanks.  

- -  
(18. Sodium Release and F i r e  i n  EBR-I1  Sodium B o i l e r  P l a n t  Bui ld ing  

Control Room 

In  February 1968 approximately 80 ga l lons  of sodium w e r e  acc iden ta l ly  

L 

r e l eased  and immediately i g n i t e d  a t  EBR-11. 
imately 4 m C i  of r ad ioac t ive  sodium-24. 
subsequently r e l eased  t o  t he  atmosphere. 

The sodium contained approx- 
Approximctely 0.4 p C i  w a s  

19. TSF Waste Tank Overflow 

I n  August 1969 a 10,000-gallon-capacity underground l i q u i d  catch 
tank a t  TSF overflowed through a vent  p ipe  and contaminated the  sur -  
rounding s o i l .  The a c t u a l  number of cu r i e s  r e l eased  w a s  n o t  determined; 
however, the  contamination is  l o c a l i z e d  t o  an approximate area of 8 f t 2 ,  
and cu r ren t  r a d i a t i o n  l e v e l s  are 5 R/hr a t  1 f t .  
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20. ICPP Discharge Well 

I n  September 1969 approximately 19 C i  of long-lived f i s s i o n  
product  a c t i v i t y  were a c c i d e n t a l l y  r e l eased  t o  the  ICPP discharge w e l l .  

' 2 1 ~  ANL-W Area Drainage Ditch Contamination 

I n  October 1969 r ad ioac t ive  l i q u i d  w a s  a c c i d e n t a l l y  discharged 
t o  an i n d u s t r i a l  waste drainage d i t c h  a t  ANL-W. I t  w a s  ca l cu la t ed  t h a t  
approximately 413 m C i  w e r e  r e l eased  c o n s i s t i n g  of 90% zirconium-niobium-95 
and cerium-144, wi th  traces of cobalt-60 antimony-124, and cesium-137. 
A survey i n  1973 i n d i c a t e d  t h e  presence of approximately 9.4 m C i  of 
a c t i v i t y  remaining i n  the  d i tch .  

22. ICPP Discharge Well 

I n  December 1969 approximately 1.5 p C i  of strontiuxw90 i n  excess  
of t he  discharge limits were inadve r t en t ly  r e l eased  t o  the  ICPP discharge 
w e l l .  

23. Leak i n  TRA Liquid Waste Holding Tank 

I n  J u l y  1970 a leak  occurred i n  a 9,000-gallon-capacity underground 
tank used t o  c o l l e c t  low- t o  in te rmedia te - leve l  l i q u i d  waste a t  TRA. 
F a i l u r e  w a s  due t o  corrosion,  and the  leak  w a s  de t ec t ed  by v i s u a l  ob- 
s e r v a t i o n  of a l e v e l  i n d i c a t o r  and presence of l i q u i d  i n  the  tank sump. 
The l i q u i d  w a s  t r a n s f e r r e d  t o  another  v e s s e l ,  and the  tank w a s  removed 
t o  the  INEL Radioactive Waste Management Complex. Approximately 0.578 
C i  of r a d i o a c t i v i t y  w a s  discharged t o  the s u b s o i l ,  c o n s i s t i n g  p r imar i ly  
of cerium-144, strontium-89, and strontium-90. 

24. TSF Feed Tank Overflow 

I n  February 19 7 1  a 50,000-gallon-capacity underground l i q u i d  waste 
tank a t  TSF overflowed. Approximately 293 ga l lons ,  t o t a l i n g  about 0.88 C i  
of long-lived f i s s i o n  products ,  were r e l eased  t o  t h e  surrounding s o i l .  

25. TSF Evaporator  Release 

I n  September 1971 an a c c i d e n t a l  a i rbo rne  release occurred from 
the  TSF l i q u i d  w a s t e  evaporator .  The release w a s  determined t o  be ap- 
proximately 266 p C i  of cesium-137, 0.0142 p C i  of strontium-90, and 
0.0142 p C i  of yttrium-90. 

26. Ruthenium Release 

I n  January 1972 approximately 1 C i  of p a r t i c u l a t e  ruthenium-106 
w a s  r e l eased  from t h e  ICPP s tack .  

27. WCF Release 

I n  May 1972 a leak  from a decontamination l i n e  i n t o  a c a l c i n e  
t r a n s p o r t - a i r  l i n e  r e s u l t e d  i n  a release t o  t h e  ground of 10 C i  of 
long-lived f i s s i o n  product  a c t i v i t y ,  
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28. Leaking Underground Liquid Waste Lines 

On A p r i l  4, 1974 approximately 20 t o  30 yd3 of contaminated 
s o i l  were discovered around a corroded carbon s t e e l  vent  l i n e  from a l i q u i d  
waste s to rage  tank a t  t h e  ICPP. The l i n e  w a s  abandoned, capped, and a 
t o t a l  of 275 yd3 of s o i l  were removed t o  the  INEL Radioact ive Waste 
Management Complex (RWMC). The release t o t a l e d  approximately 1,000 C i  of 
p r imar i ly  Cs-137, Cs-134, Sr-90, and Eu-154. 

On October 1, 1974 contaminated s o i l  w a s  d iscovered ad jacent  t o  an 
underground p ipe  which c a r r i e d  high-level  l i q u i d  from the  processing 
bu i ld ing  t o  the  h igh- leve l  l i q u i d  waste s to rage  tanks .  The leak w a s  
caused by a 0.15.-in.-diameter ho le  inadve r t en t ly  d r i l l e d  through t h e  pipe 
w a l l  dur ing i n s t a l l a t i o n  of the  encasement cover i n  1955. Approximately 
50 yd3 of s o i l  containing an es t imated  3,000 C i  of r a d i o a c t i v i t y  had 
been r e loca ted  t o  the  RWMC as of t he  end of October 1974. An es t imated  3,000 
C i  of r a d i o a c t i v i t y  contained i n  an a d d i t i o n a l  50 yd3 of s o i l  w i l l  be  
removed i n  the  nea r  f u t u r e .  This a c t i v i t y  c o n s i s t s  p r i n c i p a l l y  of Sr-Y-90, 
Ce-Pr-144, and Cs-137. 

29. Subsurface S o i l  Contamination a t  I B P  

On September 18, 1975 an underground contaminated s o i l  zone w a s  
discovered a t  t he  ICPP. The zone measured I50 by 20 f t  along a 
b a c k f i l l e d  area of a pipe t rench a t  a depth gene ra l ly  between 12 and 25 
f t .  The source of contamination w a s  a corroded carbon s teel  l i n e  i n  
the  r ad ioac t ive  l i q u i d  waste t r a n s f e r  system i n  the  s t o r a g e  tank area. 
Approximately 14,000 ga l lons  of r ad ioac t ive  l i q u i d  leaked from the  
corroded l i n e .  This r ep resen t s  an es t imated  30,000 c u r i e s  of r a d i o a c t i v i t y  
cons i s t ing  p r imar i ly  of Cs-137 and Sr-Y-90. 

The corroded carbon s tee l  l i n e  which w a s  the  source of the s o i l  
contamination w a s  removed from s e r v i c e  and capped o f f  t o  prevent  t he  
p o s s i b i l i t y  of f u t u r e  lo s ses .  
and, i f  f u t u r e  excavat ion i n  t h e  area becomes necessary ,  the  excavated 
contaminated s o i l  w i l l  be removed t o  the  RWMC. 

The contaminated s o i l  zone has  been mapped 

30. Diversion Valve Leak a t  ICPP 

During a r o u t i n e  t r a n s f e r  of s o l u t i o n  from a service waste d ive r s ion  
tank t o  an evaporator  w a s t e  c o l l e c t i o n  tank  on January 16 ,  1976, s o l u t i o n  
w a s  observed leaking  from t h e  f l ange  on one of t h e  d ive r s ion  valves. 
Checks on t h e  volume of waste rece ived  i n  t h e  c o l l e c t i o n  tank wi th  t h a t  
removed from t h e  d ive r s ion  tank  i n d i c a t e  t h a t  t h e  measurements were 
w e l l  below t h e  d e t e c t i o n  l i m i t s  f o r  t h e  d ive r s ion  tank.  Therefore ,  
t h e  amount of l i q u i d  l o s t  cannot be  determined accu ra t e ly .  
made from f i e l d  measurements and one sample a n a l y s i s  i n d i c a t e  t h a t  
approximately 25 f t 3  of s o i l  w e r e  a f f e c t e d ,  and t h a t  500 m C i  of 
strontium-90, 500 m C i  of cesium-137, and 130 m C i  of cerium-144 were 
r e l eased  wi th  12  ga l lons  of l i q u i d .  The contaminated s o i l  remains i n  
p l ace  under 3 t o  4 f t  of c l ean  s o i l .  

Calcu la t ions  
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31. Break in Underground Service Waste Line at ICPP 

An underground service waste line carrying condensate from an 
evaporator failed at the point of transition from a 3-in. to a 2-in. 
line, at which there is a 90" change of direction. The break was 
discovered on September 30, 1976. Approximately 20,000 gallons of 
condensate leaked to the surrounding subsoil. The condensate contami- 
nated approximately 38,700 ft3 of soil with 51 mCi of tritium, 2 mCi 
of strontium-90, 4 mCi of ruthenium-106, 2 mCi of cesium, and 1 mCi of 
cerium-144. 
on October 2, 1976, and the contaminated soil covered with several 
feet of clean soil. 

The damaged section of line was excavated and repaired 

32. Pressurization of Solids Storage Cyclone at the 
ICPP Waste Calciner Facility 

On October 26, 1976, the solids transport system at the Waste 
Calciner Facility (WCF) restricted, and analysis indicated that the 
solids storage cyclone was probably involved. During an attempt to 
clear the cyclone, it momentarily pressurized and blew out contaminated 
dolomite solids. The dolomite contaminated the roof of the vault and 
an area of approximately 300 ft2 to the northeast of the waste calciner 
building. 
ruthenium-106, and 230 mCi of cesium-137. The majority of the conamin- 
ation was removed from the vault rooftop and surrounding area. That 
remaining in the soil was covered with a layer of clean soil to fix 
it in place. 

The release contained 230 mCi of strontium-90, 40 mCi of 
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APPENDIX D 

CALCULATIONAL METHODS 

The c a l c u l a t i o n a l  models and assumptions t h a t  were used i n  developing 
t h e  r a d i o l o g i c a l  doses presented  throughout t h e  tex t  of t h i s  statement 
are inc luded  i n  t h i s  appendix. 

1. Whole Body Cloud Gamma Doses 

The whole body cloud g a m a  doses were ca l cu la t ed  by those  methods 
descr ibed i n  Meteorology and Atomic Energy - 1968[*11. 
r e l eased  from INEL f a c i l i t i e s  d i f f u s e  t o  l a rge  propora t ions ,  and by the 

Radionuclides 

time the  material reaches o f f s i t e  l oca t ions ,  t h e  cloud (plume) can be 
considered i n f i n i t e  wi th  r e s p e c t  t o  the  distance gamma rays t r a v e l  wi th in  
the cloud. Based upon t h i s  cons idera t ion ,  it can be shown t h a t  t h e  ex- 
t e r n a l  whole body gamma dose t o  a r ecep to r  a t  g r o m d  leve l  immersed i n  
a plume of rad ionucl ides  i s :  

Dose(rem) = 0.25 EyY 

where 

Ey = average gamma energy emi t t ed  a t  each d i s i n t e g r a t i o n  

Y = concent ra t ion  t i m e  i n t e g r a l  of t he  cloud (Ci-sec/m3). 

( M e V / d i s  .) 

The concent ra t ion  t i m e  i n t e g r a l  w a s  determined by mul t ip ly ing  t h e  
i s o t o p i c  annual  release by an annual  atmospheric d i spe r s ion  c o e f f i c i e n t  
ob ta ined  by measured da ta  a t  INEL. The atmospheric d i spers ion  i so -  
p l e t h s  determined f o r  1974 are s h w n  i n  Figure D-1. These i s o p l e t h s  are 
based on a continuous e l e v a t e d  release (250 f t )  from the  TRA-ICPP area. 

The model (MESODIF) u t i l i z e d  t o  develop the  i s o p l e t h s  is  a refinement 
which avoids  some of t h  previous d e f i c i e n c i e s  of t h e  convent ional  
wind rose  technique [B27 . The p resen t  model i nco rpora t e s  a boundary l a y e r  
f i e l d  of wind vec to r s  i n  which s p a t i a l  and temporal wind v a r i a b i l i t i e s  
are included.  Inf luences  of l o c a l  topography upon atmospheric d i spers ion  
are incorpora ted ,  somewhat i n d i r e c t l y  b u t  incorpora ted  nonethe less  , 
through simultaneous wind measurements a t  numerous loca t ions  over t he  
Upper Snake River P l a i n .  

The p resen t  model achieves two major improvements over t he  conven- 
t i o n a l  wind rose  technique.  One improvement i s  t h e  cons idera t ion  of 
g r e a t e r  va lues  of t o t a l  i n t e g r a t e d  concent ra t ions  due t o  s t agna t ion  
of a i rbo rne  e f f l u e n t s  over an area o r  sys t ema t i c  channeling and recurving 
of the  windflow over the  Upper Snake River P l a i n .  
provement r e s u l t s  from an hour-by-hour adjustment of t h e  rate of d i l u t i o n  
when t h e  hourly s t a b i l i t y  category changes. 

The second major i m -  
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Figure D-1. Calculated I s o p l e t h s  of Re la t ive  Annual 
I n t e g r a t e d  Concentration f o r  1974. 

D-4 



Rela t ive  values  of annual i n t e g r a t e d  concent ra t ions  f o r  a pos tu l a t ed  
release from t h e  TRA-ICPP complex during 1974 are shown i n  Figure D-l[a]. 
To obta in  an annual  t i m e  i n t e g r a t e d  a i r  concent ra t ion  (Y, Ci-hr/m3), t he  
i s o p l e t h  va lues  (Y/Q) should be m u l t i p l i e d  by t h e  annual  average hourly 
release rate (Q,  Ci /hr ) .  

The s p e c i f i c  i s o p l e t h  values  f o r  communities surrounding the INEL 
were used t o  c a l c u l a t e  a 50-mile-radius populat ion dose. 
p l e t h  value (Figure D-1) a t  t h e  immediate southwest o f f s i t e  l oca t ion  w a s  
used t o  c a l c u l a t e  t h e  maximum o f f s i t e  dose. 

The high i so -  

2.  Equation f o r  Determining Radiat ion Dose from I n h a l a t i o n  - o r  InJestion of Radionuclides 

The equat ion f o r  determining t h e  r a d i o l o g i c a l  doses from inha la-  
t i o n  o r  i nges t ion  of rad ionucl ides  w a s  determined by the  fol lowing 
s tandard  equat ion:  

Radiation Dose ( rad)  = P( 3.7 x 10 10 d/s-Ci) ( f )  (E) (1.6 x 10-6erns/MeV) (1-e- xet) (D.2) 
Xe(m) (100 ergs/g-rad) 

where 

t = per iod  of exposure ( sec)  

Xe = b i o l o g i c a l  decay cons tan t  (sec-l)  

P = uptake (Ci) 

f = f r a c t i o n  of rad ionucl ide  reaching organ of re ference  

E = e f f e c t i v e  energy of rad ionucl ide  (MeV) 

m = mass of organ of re ference  (g) .  

3. Method f o r  Calcu la t inp  Current and Cumulative Deposit ion on S o i l  

Figure D.1 w a s  used t o  estimate the  annual  average a i r  concent ra t ions  
a t  l oca t ions  on and nea r  INEL. Using the average release rate (Q,Ci /hr ) ,  
t he  annual t i m e  i n t e g r a t e d  a i r  concent ra t ion  (+,Ci-hr/m3) w a s  computed. 
The annual average a i r  concentrat ion ( ~ , C i / m 3 )  w a s  a l s o  computed f o r  use 
i n  computing the depos i t ion  rate (D,  Ci/m2-day) . 

The depos i t ion  rate f o r  worldwide f a l l o u t  has  been ex tens ive ly  s t u d i e d  
i n  t h e  United S t a t e s .  The fol lowing equat ion  w a s  developed t o  descr ibe  t h e  
depos i t ion  rateID.31: 

[a] The concent ra t ions  were ca l cu la t ed  assuming a release from the  250- 
f t -h igh  (76-m) ICE'P chimney. Plume rise w a s  neg lec t ed  i n  the  cal- 
cu la t ions  ; t he re f  ore ,  t h e  c a l c u l a t e d  ground level concent ra t ions  are 
l i k e l y  t o  be s l i g h t l y  g r e a t e r  than what would have been measured. 
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where 

D =  

vd = 

r =  

x =  

2 depos i t ion  rate ( C i / m  -day) 

empi r i ca l  cons tan t  f o r  dry depos i t ion  of a i rbo rne  
p a r  ti cu la  tes (m/ day) 

empi r i ca l  cons tan t  f o r  p r e c i p i t a t i o n  scavenging of a i rbo rne  
p a r t i c u l a t e s  (m/cm of r a i n )  

r a i n f a l l  rate (a of r a i d d a y )  

average a i r  concent ra t ion  ( C i / m  3 ) . 
The empi r i ca l  values  of vd and g s e l e c t e d  as appropr i a t e  f o r  nuc lea r  f a c i l i t y  
p a r t i c u l a t e  releases were vd = 200 m/day and g = 4,530 m / c m  of rain[D-41. 
The INEL average r a i n f a l l  rate of 0.059 cm/day w a s  used i n  t h e  ca l cu la t ions .  

e 
The equ i l ib r ium s u r f a c e  contamination S (Ci/m 2 ) w a s  computed using 

S e = D/Xr (D-4) 

where 

X r  is  the  r a d i o l o g i c a l  decay rate of t he  i so tope  (days-'). 

4. Method f o r  Calcu la t ing  Dose from Iodine-129 i n  Meat 

The maximum annual  average a i r  concent ra t ion  i n  areas open t o  
graz ing  w a s  obtained using Figure D-1 as descr ibed i n  Sec t ion  3 above. A 
release rate f o r  iodine-129 of 0 . 1  Ci /yr  w a s  assumed f o r  each of t he  last 
20 years .  
t o  be 1 cm/sec o r  864 m/day f o r  dry processes[D-51 and an upper l i m i t  
value of 14,000 m/cm of ra in[p3]  w a s  assumed f o r  w e t  processes .  The 
depos i t ion  rate onto vege ta t ion  is  then 

The median air- to-vegetat ion-surface- t ransfer  v e l o c i t y  w a s  taken 

n 

Dv = (864 + 14,000 r )  x (Ci/mL-day) (D-5) 

and the  equ i l ib r ium concentrat ion on vegeta t ion  ( S  C i / & )  w i l l  be 
V' 

where xe i s  the  e f f e c t i v e  removal rate (days") f o r  rad io iodine  on vegeta- 
t i o n .  A value of Xe of 0.05 days'l w a s  assumed. 

It 
t o  meat 
maximum - 

is es t ima ted  t h a t  t he  t r a n s f e r  parameter f o r  i nges t ed  iodine-129 
is 2%/kg[W61. It w a s  assumed t h a t  graz ing  animals consumed a 
of l2 kg/day (dry  weight) and t h a t  t h e  forage  dens i ty  w a s  0.16 

The e f f e c t i v e  h a l f - l i f e  of iodine-129 i n  meat w a s  kg/m2 (dry  weight).  
taken t o  be 33 days so, a f t e r  a graz ing  pe r iod  of 90 days, t he  
concent ra t ion  i n  meat would be ~ 9 0 %  of t h e  equ i l ib r ium value. 
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An a d u l t  i s  assumed t o  consume 80 kg of meat p e r  yea r ,  and t h e  dose 
conversion f a c t o r  of 7.05 x 10-3 mrem/pCi inges t ed  w a s  u t i l i z e d .  
a d d i t i o n a l  l% of t h e  dose p e r  yea r  of accumulation t o  account f o r  s o i l -  
r o o t  t r a n s f e r  w a s  assumed[*61. 

An 

5. Method f o r  Calcu la t ing  Ex te rna l  Dose from Equi l ibr ium Deposit ion 
of Gamma Emi t t e r s  i n  S o i l  

The equ i l ib r ium depos i t ion  w a s  ca l cu la t ed  as descr ibed  i n  Sec t ion  
3 above. 
9 of Reference D-7. The r e l a x a t i o n  length  a w a s  assumed t o  be 2 an; the  
s o i l  dens i ty  p w a s  assumed t o  be 1.6 g/cm3. 
rad/R conversion f a c t o r s  from Reference D-8 w e r e  used. To determine the  
g e n e t i c a l l y  s i g n i f i c a n t  dose, the  m u l t i p l i c a t i v e  body screening  and dwel- 
l i n g  s h i e l d i n g  f a c t o r s  of 0.8 and 0,4[D-4] were employed. 

The exposure rate a t  1 m i n  a i r  w a s  computed us ing  d a t a  i n  Table 

A q u a l i t y  f a c t o r  of 1 and the  

6.  Method f o r  Calcu la t ing  Doses from Iodine-131 and Iodine-129 
i n  Milk 

Reference D-9 states t h a t  a continuous air concent ra t ion  of 
4.2 x 
concent ra t ion  of 2.4 p C i / l i t e r  and a r e s u l t i n g  dose of 15 mrem/yr t o  the  
thy ro id  of an i n f a n t  dr inking  1 li ter of milk p e r  day. 
l-year-old ch i ldren  around INEL w e r e  computed us ing  t h a t  concent ra t ion /  
dose r e l a t ionsh ip .  No c r e d i t  f o r  decay i n  process ing  o r  t r a n s i t  w a s  
assumed; t h a t  is ,  the  milk w a s  assumed t o  be taken d i r e c t l y  from a family 
cow. Dose conversion f a c t o r s  f o r  iodine-129 i n g e s t i o n  were taken from 
Reference D-6. I n  both cases, t h e  p o s s i b l e  dose from milk consumption 
w a s  based on t h e  1974 milk monitoring da ta .  

p C i / a n 3  of e lementa l  iodine-131 gas w i l l  produce a milk 

Po ten t i a , l  doses t o  

7. Method f o r  Calcu la t ing  Doses from Inges t ion  of Cesium-137 i n  Meat 

The depos i t ion  of cesium-137 from worldwide f a l l o u t  has  been 
c o r r e l a t e d  wi th  t h e  concent ra t ion  of cesium-137 i n  milk and the  da t a  f i t  
t h e  equat ion:  

‘m = 3.6 [D(n) + 0.65 D(n-1) + D(n-2)] (0.7) 

where C, is  the  average milk concent ra t ion  i n  p C i / l i t e r  i n  yea r  n ,  and 

n ,  n-1, and n-2, r e spec t ive ly  
D(n) , D(n-1) , and D(n-2) are depos i t ion  rates p C i / m 2  i n  years  

It  w a s  a l s o  observed t h a t  t h e  a b i l i t y  of cesium-137 i n  meat w a s  
c o n s i s t e n t l y  r e l a t e d  t o  t h a t  i n  milk and t h a t  t h e  fol lowing r a t i o  he ld .  

(pCi/kP of meat) %4. [D-ll l  
( p C i / l i t e r  of milk) 
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The m a x i m u m  equ i l ib r ium depos i t ion  rate f o r  cesium-137 r e l eased  from 
INEL f a c i l i t i e s  w a s  ca l cu la t ed  as descr ibed  i n  Sec t ion  D . 3  t o  be 1.43 
uCi /d -y r ;  t h i s  value w a s  used f o r  D(n), D(n-1), and D(n-2) i n  t h e  
computation of t h e  equ i l ib r ium meat concent ra t ion .  

Maximum equ i l ib r ium body burdens and doses f o r  f o u r  age groups were 
computed using t h e  meat consumption rates given i n  Reference D-6 and the  
age dependent dose conversion f a c t o r s  developed i n  Reference D-4. The 
h ighes t  pos tu l a t ed  dose w a s  rece ived  by an adu l t .  For those  cases when 
doses w e r e  computed based on assumed consumption of meat wi th  known 
cesium-137 concent ra t ions ,  t h e  same dos imet r ic  parameters w e r e  used wi th  
t h e  known concentrat ion.  
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